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ºjls¥pxyh9oO]jk¢¨]m]R^px\+Opx4]mMjlhR§r¡hfgylZy{px4sthlFjls¥px
h]j
syn
sth)i]¤yy]R2­
¸Å  àÉ3$2Æ   É< Li àÉ6Å   

S1
.0
S2
34
%  4.' )0
)%5*  5  	  .) 51
2 	5

syn
 5(>5 )35
  
{(e1, e2)/sp| e1 ∈ E
1 ∪ {−} ∧ e2 ∈ E
2 ∪ {−} ∧ sp ∈ SPV1∪V2}
*
   ¢¨pr{"4hR§jZ4]µh]j
syn
pxxjlrs¥Jhjlw44qt]Rhp~¦!qv~oO]mqvh
(e1, e2)
¢*s£jlZË¦X]Lrhs¥o4stqts£jkfËprJis£jls¥pxyh
sphllZy]Riw4qts¥yjZ4]+oO]RZyLgstprw4{"hp~¦¨px\^Opr4]RxjlhR­ /¡str]m jlZ4]+¢*Z4prqt]+hnfihnj]R\
(S1, S2, syn)
§CjZ4]+{l]R~{¯
{"~4x]m\^]mMjpr¦9s£j"hJ~{jlhsth)i]Lh{lstoO]RoMf
¸Å  àÉ &  É< mRF    ®Æ  6 É   Å Ê,!b É Ê9~   
 (S1, S2, syn) 3
	 4.' )
%1385
4"5859
' * 	)
 )52  5  	   5
 0  
S1×syn S
2 "  5  	/
   0
 (Q,Q0, E, T, V, l) 	)
 

1
Q ⊆ Q1 × Q2
"
1
Q0 ⊆ Q
1
0 × Q
2
0
"
1
E = {(e1, e2) | (e1, e2)/sp ∈ syn}
"
1
V = V 1 ∪ V 2
"
1
l((q1, q2)) = l
1(q1) ∪ l
2(q2)
"
1
T ⊆ Q × E × Q
 5" 3.0
3 
 *
	
(q1, q2)
(e1,−)
−→ (q′1, q2) ∈ T
 
(e1,−)/sp ∈ syn
"
q1
e1→ q′1 ∈ T
1 .0 (q1, q2) |= sp
"
 *	
(q1, q2)
(−,e2)
−→ (q1, q
′
2) ∈ T
 
(−, e2)/sp ∈ syn
"
q2
e2→ q′2 ∈ T
2 .0 (q1, q2) |= sp
"*.
 *	
(q1, q2)
(e1,e2)
−→ (q′1, q
′
2) ∈ T
 
(e1, e2)/sp ∈ syn
"
q1
e1→ q′1 ∈ T
1 " q2 e2→ q′2 ∈ T 2 
(q1, q2) |= sp
]m¤y4s£jlstpr ²m~ËoO]¼]Lrhs¥qtf±]m«Mjl]myi]Ljp
n
px\+Opx4]mMjlhR­ ?)prjsv] jZy~jjZy]/hnfgy"Z4{lpr4svh]R
4{lpiiwyj~oOpFr]svh©\+px{]¬]«i4{l]Rhlhs¥r])jZJ~ÂjlZ4]¡¢¨]Rq¥q¥¯¶°Myp¢*hnfgy"Z4{lpr4svhn]L4{p4iwyºjoMfÂ){l4pxqtry
?s¥~Fj    § :JoO]Rmrwyhn]*p~¦O¦X]Rxhnsto4stqts£jkf0mpry4s£jls¥pxyhm­   yi]m]L2§x]RxlZ+j{"~yhs¥jstpr+pr¦Opxw4{|4{pi4wyºj|prO]R{l~jpx{
R~¸s¥grprqtr]¡]Rs£jlZ4]m{H}kprstxj*jl{lryhs£jls¥pxyh©pr¦pr\^Opx4]mMjlhpr{)hs¥4xqt]¬jl{lryhns¥jls¥pxp~¦9px4]px\+Opx4]mMjR­
?)p~jlstm]0jlZyFjbjlZ4]m{l]+svhb
τ
¯¿hnst\w4qvFjls¥px¼oO]mj¿¢¨]R]m/jZy]^¢*Z4prqt]^hnfihnj]R\ ry/¸mpr\^Opr4]RxjR­ D pxi¯
h]RuMw4]mMjqtfr§2jZ4]pxyhkjl{lrs¥Mjbhnfgy"Z4{lpr4svhn]L4{lpiiwyjb4{]Lhn]R{r]Lh¬hlF¦X]jkf
LTL
4{lprO]R{njls¥]Lh¦ì{lpr\ q¥piR~q
mpr\^Opr4]Rxjlh¬jpjZy]^px\^Opr4]mMjn¯¶oyrh]R¼hnfihnj]R\¸­"Gyw4{njlZ4]m{l\^pr{l]r§OjZy]^pxF}kw4yjstpr/p~¦¨q¥piR~qhlF¦X]mj¿f
LTL
4{lprO]m{jst]Rhsth*]myhw4{l]R¦Xpr{jlZ4]]mxjlst{]hfihkjl]m\ ­
!b É  Å  Æ2   -¶Å  Æ3    É   É<9Å  Ç 4 Å Ê"!b Å  Å #i4 àÉ  
 φ1  φ2 3
 5 
%
LTL
 4/
2 
5* ) 
S1 |= φ1

S2 |= φ2
 	)

(S1, S2, syn) |= φ1 ∧ φ2
  0x4is£jlstpr®§F]Rr]m{lf
LTL
4{lprO]R{njkf¡oO]Rs¥yjZ4]mprF}kw4Jºjstpr0p~¦J¬hlF¦X]mj¿f4{lprO]m{jkfbryqts¥r]R4]Rhlh
4{lprO]R{njkf t ¶§is¥jlh)hlF¦X]mj¿fy~{j*svh4{l]Rh]m{lr]RoMfpxw4{y{pi4wyºj*pxO]m{"Fjpx{R­
ÍìÖ9Ñ®Íìë
 	
  "!#
%$&
'(
)*+-,&.' /.0
)21+345
476859
'5 r
G4pr{Âpxw4{Â{w44ys¥4³]«4~\^4qt]r§ G9sty­¨·4{l]Rhn]Rxj"h^jZ4]¼px\^Opr4]Rxjlh
ArmA
§
ClipA
~y
ElevA
§
jlZ4]hfgy"Z4{px4svh~jstpr hn]mj
synA
§O~y¸jlZ4]0pr\^4wijl]R]mxjls¥{l]hfghnjl]m\
ControlA = (ArmA, ClipA,
ElevA, synA)
­
  !# #$    (  

*
 ã ArmA
 
   	
  

+  ClipA
    
   
 

	 
 	
 ä  ElevA
(−, O, −)/(ar = back ∧ el = up)
∨(ar = front ∧ el = down) 
(−, C, −)/(ar = front ∧ el = up)
∨(ar = back ∧ el = down) 
(F, −, −)/(cl = open ∧ el = up)
∨(cl = close ∧ el = down) 
(B, −, −)/(cl = close ∧ el = up)
∨(cl = open ∧ el = down) 
(−, −, U1)/cl = close ∧ ar = back 
(−, −, U2)/cl = close ∧ ar = back 
(−, −, D1)/cl = close ∧ ar = back 
(−, −, D2)/cl = close ∧ ar = back 
(F, O, −)/el = up 
(B, C, −)/el = down 
(B, C, U1)/true ñ synA       )(    
    
  )(   
   	
    
  !# #$  
    
  !# #$     	
   
  !# #$     	
 
  !# #$     	
 
  !# #$  
 
  )(    
 
  )(   
   	
 *
  
    
    
     *
    
   
	    

       	
    
    
     
 *
  
     
 *   	
 Ý  ControlA
G9strw4{l]b)I
(ArmA, ClipA, ElevA, synA)
I D pr\^Opry]mxj"h*~y_gfgylZ4{lprysthlFjls¥px¸_g]mj
!Ãr"Z^px\+Opx4]mMjHsthHbpxxjl]«gjn¯½¦X{]R]px\^Opr4]RxjR­M@)pF¢¨]mr]R{R§F¦Xpr{jZ4])px\^Opxhs£jls¥pxy~qg{]m¤y4]R\+]Rxj
r]R{s¥¤Jm~jstpr®§Os¥j"h¬]RMgs¥{lpry\+]Rxj¡Zyxh)jlpoO]j"~°r]R stxjlp¸xmpxw4xjL­HGypr{¬jZJFjb4w4{lOpxh]r§O¢©]+i]¤J4]+r

4/ 
¸px\+Opx4]mMjR§ijZy~j*svh)^pr\^Opx4]mxj)s¥¸jZ4]!mprMj]«gj)p~¦jZy]p~jZy]m{)px\+Opx4]mMjlhR­
¸Å  àÉ#"%$'&   Ê Å Ê  É   É<9Å     

(S1, S2, syn)
3
	 '#/
%1+385
4 5859
' *
 	/
-
 /.0K
44.' /.0
)
[S1]
 
52/9
S1
 5" 
%$&
43
[S1]
( )*
= S1 ×[syn]S1 S
2
 	)
 

[syn]S1
( )*
= {(e1, e2)/sp | ((e1, e2)/sp) ∈ syn ∧ e1 ∈ E
1 ∧ e2 ∈ E
2 ∪ {−}}
   jlZ4]µ4{l]mgstprwyh¸i]m¤y4s¥jstpr®§¬jZy]·hnfgy"Z4{lpr4svhlFjstpr hn]mj sth¸{l]Rhnj{lstj]Ljlppryh]m{lr]¼pryq¥fËoO]¯
Zygs¥pxw4{"hs¥grprqtgs¥y jlZ4]¸pryhsvi]m{l]R@px\+Opx4]mMjR­¼YZ4]]m«iy~y4]R@mpr\^Opry]mxj
[S2]
sth0hst\+stqv~{lq¥f
i]m¤y4]R®­(?p~jlstm]+jZJFj!oOp~jZ·]«iy~Ji]Rµpx\+Opx4]mMjlh~{l]+\^piiw4qt]Rh7Eàº¦k­_g]Rºjlstpr :x»bi]¤y4]Lµpr]R{
jlZ4]+hl~\^]0hn]mj¡p~¦|xq¥pxoy~qFr{sv~o4qt]Rh
V 1 ∪ V 2
­bYZ4]0yr{lrq¥qt]mq9px\+OpMhns¥jstpr p~¦HjlZ4]Rh]0\^piiw4qt]Rh¬rstr]Rh
{lsth]¡jp+jlZ4]¢*Z4prqt]px\^Opr4]Rxjn¯¶oyrh]Rhfihkjl]m\ ­
ÑÑ&Ú.N)OPQP
     
	 0. 
  )  
   
  )(    
    
  !# #$     	
   
  !# #$     	
 
  !# #$     	
   
	    

       	 *   	
G9strw4{l] I
[ElevA]
!b É  Å  Æ  É   É<9Å  Ç 94 Å Ê ®Æ m Å  #® 5 &É Ê' Å  
(S1, S2, syn) = S1 ×syn S
2 = [S1] ‖ [S2]
Gstrwy{]¨¨rstr]RhCjZ4]|]m«gJ~yi]L¡mpr\^Opry]mxj
[EleveA]
pr\^4wijl]R¡¦X{px\
(ArmA, ClipA, ElevA, synA)
­
Yp+s¥qtqtwyhnj{"Fj]¡zÃ{pxO]m{j¿fg§gjlZ4]bp~jlZ4]m{]m«iy~yi]Lpx\^Opr4]mMjlh
[ArmA]
~J
[ClipA]
mroO]bo4wys¥q¥jR§
ry¢¨]bZJLr]¡jZy]¢*Z4prqt]hnfihnj]R\
[ArmA] ‖ [ClipA] ‖ [ElevA]
¢*s£jlZ4prwij)o4wys¥qvist4s£jL­
/]hZ4pF¢4pF¢jZy~jbjZ4]mpryhnj{"~stxjhfMJlZ4{lpr4svh]R 4{lpiiwyjh]m\~xjlsvmh¡\~°r]Lh¡s£jOpMhhsto4q¥]0jp
mpr\^Opxhs£jls¥pxy~qtqtf¸r]m{ls£¦Xf jZ4]^hnj{lsvºjb{]¤J4]m\^]mMjb{]Rqt~jstpr 24prjl~oyq¥fx§CoMf {]Lhnpxq¥gst4jlZ4]+stxj]R{qt]Rgs¥y
pr¦
τ
¯½j{"~Jhns¥jstpryhry{l]Riwyms¥y^4]Rriqtpi"°ih©\^pr{l]¡] Âms¥]Rxjqtfx­
À®]j
(SA1, SA2, synA)
ry
(SR1, SR2, synR)
oO]*j¿¢¨ppr\^Opx4]mxj¯½oJrh]R+hnfihnj]R\^hR­9YZy]*qvr"°
pr¦
τ
¯¿fiqt]Rhs¥¸jZ4]¢*Z4pxq¥]mpr\^Opr4]Rxj¯½oyxhn]Lhfihkjl]m\&m~¸oO]!i]m{ls¥r]LÂ¦X{lpr\¾s£j"hqtpimrq2"Z4]R"°gs¥y0¦Xpx{
]Lr"Z¸mpr\^Opr4]Rxj)h]myr{l~j]Rq¥fx­
!b É  Å  Æ &2 4 . É1-
τ
Ç  Æ (' Å  
¬ divτ (SR1, SA1), ¬ divτ (SR2, SA2)
¬ divτ ((SR1, SR2, synR), (SA
1, SA2, synA))
YZ4]!i]Rxiqtpil°{]Liwyºjls¥px mr¸oO]!4pr4]\^pr{l]b] Âst]mMjqtfÂjlpgpy­   xjlw4s¥jstr]mqtfr§Jhkj"Fjl]bstyiwJst4Â
4]R¢ i]Lriqtpi"°+st¸~]«iyryi]Lpr\^Opx4]mMjipg]Lh¨4p~js¥Jiwy]b04]Rr4q¥pi"°^s¥jZy]¡¢*Z4prqt]¡hfghnjl]m\,s£¦
jlZ4]m{l]¡]m«isthnjlh*~]m«iy~y4]Rmpr\^Opr4]Rxj*¢*Z4]m{l]¬jlZ4sth)hkj"Fjl]¡svh4p~j)+4]Rr4q¥pi"°ÂhnjlFjl]r­|YZ4]lZ4]Ll°gst4
pr¦¨¢*Z4]jlZ4]m{! hkj"Fjl]+svhbs¥@~/]m«gJ~yi]L/px\^Opr4]Rxj!hkj"Fj]hyrm]^m~µoJ]Âipr4]^oMf/hkjlwyifgs¥yjlZ4]
hfgylZy{px4sthlFjls¥px¼hn]mjR­^_gw44OpMhn]
[SR1] vD1ρ [SA
1]
­+YZ4]+{l]R4wy]L¼4]Rr4q¥pi"° hn]mj
RD1
sthi]¤yy]R
ogf
RD1 798;:= D1 r {q | q ∈ D1 ∧ ∃e2. (e2 ∈ E2R ∧ (−, e2)/sp ∈ synR ∧ q |= sp)} E=x»
ÍìÖ9Ñ®Íìë
 	
  "!#
%$&
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)*+-,&.' /.0
)21+345
476859
'5  :
/]¡¢~xj©jlp0]R\^4Zyrhsvhn]jlZyFj¦Xpr{r]«iyryi]Lpx\+Opx4]mMjR§MjlZ4]bi]Lriqtpi"°^{l]Riwyjstprsvh©s¥Ji]¯
O]mJi]mMj¦X{px\¾jlZ4]p~jlZ4]m{]m«gJ~yi]Lpr\^Opx4]mxj"hm­*z|{lprO]m{j¿f^rq¥qtpF¢)h*wyh)jpr44qtfjlZ4]\^piiw4qv~{
{l]¤y4]R\^]mxj*jlppx\+Opx4]mMjn¯¶oyrh]Rhfihkjl]m\hwyhs¥4^]m«iy~y4]R¸px\+Opx4]mMjlh*xh©\^pi4w4q¥]Lhm­
 ÅgÉ  Å     É   É<9Å   Ç 9y Å Ê Å  9Å  Å     
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